Backgrounds/Aims: Mid bile duct cancers often involve the proximal intrapancreatic bile duct, and resection of the extrahepatic bile duct (EHBD) can result in a tumor-positive distal resection margin (RM). We attempted a customized surgical procedure to obtain a tumor-free distal RM during EHBD resection, so that R0 resection can be achieved without performing pancreaticoduodenectomy through extended EHBD resection. Methods: We previously reported the surgical procedures of extended EHBD resection, in which the intrapancreatic duct excavation resembles a ≥2 cm-long funnel. This unique procedure was performed in 11 cases of mid bile duct cancer occurring in elderly patients between the ages of 70 and 83 years. Results: The tumor involved the intrapancreatic duct in all cases. Deep pancreatic excavation per se required about 30-60 minutes. Cancer-free hepatic duct RM was obtained in 10 patients. Prolonged leakage of pancreatic juice occurred in 2 patients, but all were controlled with supportive care. Adjuvant therapies were primarily applied to RM-positive or lymph node-positive patients. Their 1-year and 3-year survival rates were 90.9% and 60.6%, respectively. Conclusions: We suggest that extended EHBD resection can be performed as a beneficial option to achieve R0 resection in cases in which pancreaticoduodenectomy should be avoided due to various causes including old age and expectation of a poor outcome. 
INTRODUCTION
Cancers originating from the mid portions of the common bile duct show a variable extent of longitudinal tumor spread, often displaying a wider extent than the preoperative imaging study findings suggest. In patients with proximal-to-mid bile duct cancers, conventional resection of the extrahepatic bile duct has often resulted in tumor involvement at the proximal or distal longitudinal resection margin (RM). When the distal remnant bile duct RM is involved, pancreaticoduodenectomy is often suggested when there is intent for curative resection.
However, the operative risks following pancreaticoduodenectomy are not negligible in patients with high operative risks such as elderly patients with major co-morbidities. Therefore, it is reasonable to perform pancreaticoduodenectomy only after careful assessment of the risk-benefit balance.
When the distal bile duct RM is tumor-positive, palliative resection of the bile duct as an R1 resection is occasionally performed, especially in patients with high operative risks or whose prognosis is expected to be poor due to advanced extent of the tumor such as is seen in radial bile duct RM involvement or wide lymph node metastasis.
Microscopic tumor involvement of the bile duct RM frequently results in tumor recurrence. 1, 2 It seems essential to develop a customized surgical procedure to obtain a tumor-free distal bile duct RM during extrahepatic BD resection, through which R0 resection can be achieved without performing pancreaticoduodenectomy. We have previously presented the technique of extended extrahepatic bile duct (EHBD) resection to demonstrate its surgical feasibility. 3 During an extension of the study period, we performed this surgical procedure in 11 cases. We herein present our experience with special attention to its technical feasibility and ability to achieve cure.
METHODS

Patient selection
From Following surgery, multi-detector computed tomography was performed after 1 and 2 weeks as a screening test for surgical complications. These patients were followed up every 2 or 3 months at the outpatient clinic.
Surgical procedures for extended extrahepatic bile duct resection
The surgical procedures of EHBD resection were previously described in detail. When the outer surface of the proximal intrapancreatic bile duct was exposed, the depth of the pancreatic excavation was adjusted according to the location of the main tumor. If the distal intrapancreatic bile duct appeared to be tapered and had a normal appearance and there was no microscopic involvement of tumor cells on frozen-section biopsy, the intrapancreatic bile duct stump was securely repaired. In the case of RM involvement, a critical decision was made as to whether further bile duct excision should be performed or conversion to pancreaticoduodenectomy should be made.
To prevent potential leakage from the excavated pancreatic surface within the head of the pancreas, the dimpled portion was securely sutured with non-absorbable monofilaments and then two abdominal drains were placed crossing this area. In addition, a portion of the greater omentum was mobilized to cover the dissected space if possible, in order to manage potential pancreatic leakage. 4 Tumor recurrence occurred in 6 patients. Types of recurrence were recurrence at the hepaticojejunostomy site (n=3), abdominal lymph node metastasis (n=1), peritoneal seeding (n=1), and recurrence in the remnant intrapancreatic bile duct (n=1).
RESULTS
Ten
Their overall 1-year, 3-year and 5-year survival rates were 90.9%, 60.6% and 30.3%, respectively (Fig. 1) .
DISCUSSION
Since the extent of mid bile duct cancers varies depending on the tumor growth pattern and size, extensive surgery, including pancreaticoduodenectomy and/or hepatectomy, is often necessary to achieve R0 resection.
Limited curative surgery that is applied toward the liver side, known as extended hilar bile duct resection for prevention of hepatectomy, has been described before. 5 Thus, this study was focused on the opposite side, facing the pancreas. The primary reason for performing EHBD resection is to reduce operative risks for patients at high risk, especially elderly individuals with co-morbidities.
When considering the whole surgical procedure, pancreaticoduodenectomy or hepatectomy is a more practical and curative procedure than EHBD resection, but the latter is much less invasive, thus being safer than the former two procedures.
Following surgical treatment of bile duct cancers, the two most important prognostic factors are tumor involvement of the longitudinal and radial RMs and lymph node metastasis. 6 While EHBD resection appears beneficial for obtaining a tumor-free longitudinal bile duct RM, involvement of the radial bile duct RM is another risk factor when the tumor extends to the periductal soft tissue. It has been reported that a 10-mm RM in both the proximal and distal longitudinal directions of the bile duct is required to eradicate invasive carcinoma cells, and that a 20-mm RM is required for removal of non-invasive carcinoma cells. 7 Carcinoma in-situ or severe dysplasia at the bile duct RM is also associated with late local recurrence. 8 For mid bile duct cancers, obtainment of a tumor-free distal bile duct RM as long as 10-20 mm is impractical without performing pancreaticoduodenectomy.
Thus, the target for the longitudinal bile duct RM during EHBD resection has been adjusted to obtaining a tumor-free RM regardless of its width.
Patients with mid bile duct cancer often showed poorer prognoses than patients with hilar or distal bile duct cancer. [9] [10] [11] [12] Based on our experience, mid bile duct cancer has a poorer prognosis than distal bile duct cancer probably due to following reasons: the mid bile duct is nearer to the hepatic hilum, making it more difficult to obtain a tumor-free longitudinal bile duct RM; mid bile duct cancer cells can more easily infiltrate the hepatoduodenal ligament and extend to the serosal surface, making it more difficult to obtain a tumor-free radial bile duct RM; and the choice of surgical procedure for mid bile duct cancer has not been clearly determined, whereas pancreaticoduodenectomy is inevitable for distal bile duct cancer. This EHBD resection is a useful procedure for resection in longitudinally advanced bile duct cancer, enabling obtainment of a tumor-free distal bile duct RM, and through which R0 resection is achievable without performing hepatopancreatoduodenectomy which carries high risks of morbidity and mortality. 14, 15 In conclusion, EHBD resection seems to be beneficial to obtain a tumor-free distal BD RM in proximal-to-mid bile duct cancer patients, enabling R0 resection to be achieved without performing pancreaticoduodenectomy.
